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The piirpoBe of 'this InveBtifia tion is to examitie flrsc-fs scacnnd-j 
and thlrdrgrade qhildren's performance on selected open iHddltlon and sub- 
cractlofi sentences preseTited In verbal and RyTiibolic: £ormat:s- Specific 

V.J 

psi^ects of the children's performance which this ixives tiga tion mil focus 
pn tvill be discussed in detail as. the rationale Is developed, 

T^ble 1 provides the reaclar with the item^iod^ls considered In this 
i inva^tlga tlan along with somB Bpcicific examples of Bom^ of the items pra- 
sevited'to the subjeccs. 

Table 1 , ^ 



Symbolic I tem Mp dels 
A2 . SI 

+ b ^ c a - b 



a - 



4 ^ 
6 ^ 



^ 9 
^ 2 



+ 5-8 
+ 7^5 



Examples 



7 - 2 * 
6 - 9 - 



6 - 
3 - 



Verbal Fogmat Examples 

Ml Sugari has 4 pennies. Her mother gave her sotna more peniiles* Now 
Susan has 7 pennies. How Tnany pennies did hw mother give Susan? 

Note: Sltnilar verbal examples can be constructed from the, other three 
item models* 



S^var^l observatiotis should be made at thio point concefnixig the inforniatiori 
pTeseiiCed In Table 1, To be;|ln wlths all of the W.m-plem gajn be solved 
uaing the subtraction operation or a sub tractive j>to^m& sucTi as counting^ 



\ 2 

back, This does mt \nmn that ^ siub;]ect -will Gmploy a solutlctt niGChoci of 
this type^ biic slniplv could do Bo i f d^alTed * Soine of the data coilected 
will relate to the solutinB methocl eniplo^ed cn the various itenis presented 
CD a .subject. As tan also be ncpce-cl^ some of the esamplas appeartiip tn Table 
1 were constructed so that no t^jhole number^ soiutloTi existed^ E^atiipl^s of 
the rernaining tx^io addlttnn snd e5u^ traction item models^ a + b ^ _^ and = 

^ b cannnt lie ennK true tt^d f^o that a whole nuinbcir solution dooB not 

aKist* 

Children's p e t £ or ^lanc © on it W ^ s im 1 lar to t ho s e la Tab 1 a 1 10 o f: 
interest for sevriral r^asoris* fli^ decade of the 197 0' a has maant 0ome 
profound changes in ch^ think Ing of sonie mathematics edacators the bacK^ 
to^basics Ttiovenient and the Tiinimal co^Tipeteticy movenient have increased their 
influence. One of the diff srences in the elementaxy school Tnathem tics 
curriculum of the -1970^3 and th& 1960-s is the popularity of the missing 
addend models^ a + ^ c and + b ^ c* in the modern math eta^ these ^ 
models wera populatly seen as a m^ans of latroduclng the op^raclon of sub^ 
traction* The questinn should then raised as to whether chlldjren see 
these itema as ones invplvlng subtract ionip Xf children magt be trained to 
see the relationship Enlisting with suh tract Ion , perhaps theire im m herter way 
to introduce snbtraccion* The firsr- and s eCDnd-^grade children to he 
intarviewed in this in^es tigatioti vtll have had little Instructional contact 
with all eKampl'eB except for ohi^^ mzh as 7 2 ^ ^ , 

The second aspect of this Investigation which will recel\re emphasis 
is children's perfortnanee on those it^ms constructed so that no whole nuTnber solu- 
tion exists. Typically^ when the operation of gubtractlon is firac Intro-' 
duced, children ara sltxiplv and rotely told that one "'always subtrscta the 
snialler number from tlie larger ntambet*'^ Uoiisidering the absetice of any 
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meaiiinfiful instruction, it is not surprising that clil.lclt:'en forget this state' 
inent and invent their om\ procecliirea t;a handle teat items, or generalize 
that these ItOTs are soL^od in the aanie way as siniilar iteirns having a whole 
numbfc^r solution. One of the qiifeigtionB raised In this investigation is 
whether y^oung children ara aware of the importance of the order of the 
nUTiibers ^ippeaTxnj; "In a subtraction example. In general, if a child treats 
an ajCtiniple such 6^9^ in the samGi way s/he treats the commuted 
version of this e3<,fimple5 th^n the child will be judqed to be unaware of the 
importance of the order of the numbers* , Please note that this is not the 
saine as Btatitip that thi:^ clrild hf?liGVcs suhtractlon to he a coTmnutative 
operation* Based rn ^n investigation of children -s ahility to detect 
items with no w'hole number solution. Weaver (197 2) conjectured that many 
children may "pvergenerali^e . to subtrac tlon their knowledge of the commu- 
tatlvity of additiDn,'' Although the investigation- reported, in this manu- 
scxlpt will iiod support or refiite Weaver's conjecturej it will take an 
interniediate scep in determining children's awareness of the importance of 
order in a canonical Bun traction open sentence* - 

oflie aubjects intervieved In this pilot investigation were 16 children 
at each of the flrst-j second- and third-grade levels. Eight first-grade.- 
chli-dxen responded to an inventory similar to the one in Appendix 1 and 
uight subjects responded to a verbal inventory similar to the one in 
Appendix 2, Eight second-grade chiidran and eight third-grade children 
reapofided to a symbcllc inventory similar to the one in AppendiK 3 with 
the rernainlng second- and third-grade children responding to a verbal 
inveiitory similar to the one in Appendix 4, All children 'interviewed in 
this Investigation ^ere raTidoTnly selected from all first-- p second- and 
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third-grade children who returned parental permission slips* The total 
number of children attending the schonl in auestlon is approxlniately 140, 

The^ Inventories 

For both the verbal and symbolic formats, three first-grade inventories 
aiid three upper'-grade inventories were cnnstructed . ^or each inventorvj 
•new itenis were selected from designated pnolg with the order of the items 
randomly rearranBed for each inventory* The^ only except ion was that the 
first item on each inventQty was reciuirecl to have a whole number solution* 

The one-digit item pool consiBted of basic addition facts having a 
sum between five and 11 and nan-?;ero addends, 2 + / ^ 9 is one example 
while 2+3^5 and 6 + 5 ^ 11 are non^examples * After an item was_seleGted ^ 
It was modified to fit the model in question using established prbcedurea 
and the desirability or non-desirability of having a whole nuinber solution* 
Hencej 2+7^9 could be modified to hecome 9 - 2, If desplred* 

The two-^digit item pool consisted of exaniples inodeled by a + b ^ c 
where b^ and c represent two-digit numbers* Fiirthermorej Items such as 
29 + 14 ^43, In which regrouping might be necessary were excluded, HencBj 
only items such as 2.1 + 22 ^ 45 were included. These items were then inodi=- 
filed in the same wa-y as the one-digit items. 

The Interviews " 

Each child was individually interviewed. The child name and teacher 
were obtained and then the child was introduced to an 'Oscar the Grouch' 
doll and Invited to help Oscar work some number pU2f>los. The child then 
worked through a simple addition puzzle in either symbolic or verbal con-- 
text. For examples if a symbolic inventory was to be admlnisteredj the 
eKample 3 + 5 ^ | was presented, The task was to first determine' if a 
nuinber was hiding behind the black bOK, and if so, to determine which one . 
it was* In the initial dtrectionsj the child was warned that some number 
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puzzlas mignt be new* The child was then told if s/he believed that: no 
numbet was hiding behind the black hoK^ or if s/he could not solve Che ' 
puzzle^ to simply say so* This latter statement web re-read to the child 
aftBir every fourth item, 
Findlfigs 

Any statement concerning the findings or results of this investigation 
must be tempesred with the reminder that this study was Gxploratory in 
nature and ernployed a small sample ^ize. However, some data will be presented 
not for the purpDses of making a conclusive ^.rgnmantj but to encourage 
further ^vork ^in this area^ Some research questions will no^*' be stated along 
x^ith the preliniinary Indications as to how these questions will ultimately 
be answ^ered * QXi The teachers of the children interviewed iised a tnathematics 
series which did not begin instruction on the missing addend models until 
grade thre^e. The teachers stated that It was their belief that children 
would readily learn how to handle these items if the children received a 
solid foundation in straightforward additioTi and subtraction situations, 
1*6,5 a + b ^ ^nd a - h ^ Given the lack of instruction in this area^ 

how successful were children in solving the missing addend and missing 
subtrahend items? 

Table 2 contains the raw data relating to children's succeps on inventory 
items. If the reader focuses on the cells relating to the one-digit symbo*^ 
lie itetns 41^ A2 and S2 (those missing addend or subtrahend items with a whole 
numbar solution) s it can be seen that for all grade levels^ at least 75% 
of the children reponded correctly * 

Table 2 

Grade One 
Item Models (One-'diglt Nuniber Items) 



7 



6 





Al 


AIN* 




A2NA 


SI 


SIN* 


S2 


S2N* 




6 


, 7 


6 


7 




4 


8 


7 


Ver 


4 


n 


3 


2 


6 


2 


6 


2 



The number in a given call indicates the number of children who 
rasponded correctly (out of 8 possible) to a given itetn. 

Grade Two 

Item Models 

Al km A2 A2N SI SIN S2. S2N 

Syn 7 6 7 6.8 3 6 6 

■Vet 6 2 7 1 8. 4 uS 4 3 2 1 1 5 3 3 3 

' nrade Three 

Iteni Models 

Al AIN A2 A2N SI ■ SlN S2 S2N Al AIN A2 A2N SI SIN S2 S2N 

Sym 8 7 8 6 8 6 7 5 1 5 -3 6 6 4 5 6 

_ _ V 

Ver 768.78787 76566676 
^In all cases, 'N' refers to a no whole nuniber solution IteTn* 

For the two-digit symbolic items ^ the situation is different* The chil,dren 
were relativply soccasgful only on the missing subtrahend items, Otie possible 
©Kplanation for the lack of success was that children most fraquently attempted 
t'o solve these items mentally. 

For the verbal ItemB Al, A2j and S2^ first— grade children were success-- 
ful approximately 50% of the time* For the items Al and k2^ children did 
not transforin equations and use a subtractive process. Perhaps son\e ins true-- 
tlon in this area would improve results . However 5 on all verbal iteXnB^ 

rs 

children made modeling errors , Hence, if better results are desireds perhaps^ 
a slnipler solution would be to give .children more contact with verbal Items 
and some instruction concerning Tnodeling, However by grade two, children 
Were successful In responding to one»'dlglt items. 



Al AIN A2 A2N SI SIN S2 S2N 



17 0 74526 
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Oil This question concerna children's awareness of the importance of the 
order of the numbers in a straightforward subtraction item. For this Inves'- 
tigatipnj a child T*?as coded to be unaware of the importance of order' of the 
numbers in a subtraction sentence, if the child gave one of the following, 
t justif ica tions for his/her respDnse to an item such as 6 ^ 9 * J^. 

(1) 'It*8 the same as 9 - 6 ^ * 

(2) 'Because 3 + 6 ^ 9, * 

(3) If the child nulcklv and scOTingly rotely recalled *3'* 

A cliild whose response was ^0' or '15' (for the item above) was judged to he 
aware that order mattEzired* As can he seer in Table 2^ many children responde 
by stating that no whole number was hiding/ behind the black box which is 
perhaps the best that can be expected from young children* For this reason^ 
this response is coded as being 'correct'. The research question is simply 
whether children are aware of the importance of the order of the numbers in 
a subtraction sentence * 

' The data pertaining to this question Is presented in Table 3. If 
these findings hold in a more extensive investigation^ I believe the con-= 
clusibn should be that the situation is unsatisfactory, Unawareness of the 
Importance of order may he for the child ^ a step in the direction towards 
generalising that suHtractlon is a commutative operation. Further research 
' in this area is necessarv. For the classroom teacher ^ most likely it is the 
case that instruction concerning the commutativity of additiori, or the order 
of the numbers in an addition sentence, should be accompanied by instruction 
concfirnlng the different situation in subtraction* 
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Table 3 



Awaraness of the iTnpor tance of Order 
in a Canonical Subtraction Sentence: 

Grade La veJ^ 

One Two Three 

2 5 3 

The figures represent the number of children at each level who seemed 
unaware of Che importance of order. 

Justifications: Given 4 - 6 - Q i Qi How do you know that "2* Is hidinf 
behind the black box? 

Two S-B^ Because -2 + 4^6 
Two S's: Because 4--6"6--4 
SlxS-S! Because 4 6 ^ 2 



Based on this and | previous piloting 5 the areas focused on in this paper 

merit future empiricali attention. 

/ 
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Weaver, J* Tred The abill^t^, of firs^t^, second'-^ and third grade pupils 

to identify ppeTi ad.dltiQTi and= subtraction sentences for which no sqIu- 
tlon eKlS'ts Vlthiti' fihe\set of whole numbers* S c h o o 1 S c 1 e n c e _ and 
Hathematics^ 1972, 2i-5.B79-691, 
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'A One^cilgit Symbolic Inventory 

kli 2 ,+ _ ^ 6 AlNf 9 ^ ^ S 

+ 4 ^ 8 - A2Ni _ + 9 ^ 3 

SI: 10 - 1 ^ _ SIN: 3 - 9 ^ 

!s2i 10 - ^6 S2Nr 5 ^ ^9 



A^^ndlx 2 
A OTia-*dlglt Verbal Inventory 

kit Susan has 4 pennies . Her mother gave her some more pennies arid now 
she has 10 pennies. How inany pennies did her itiother give her? 

AIN: Bob has 9 books* His teacher gave him Bome Tnore books and now he has 
2 books. How Tnany hooks did Bob's teacher give him? 

All There are some cookies in the jar. Sara put 3 more cookies in the jar 
and now there are B cookies In the jar. How many cookies were In the 
jar to start with? 

A2N I Some people are on the train. 10 more people got on the train and now_ 
there are 7 people on the train. How many people were on the train 
to .start with? 

S2i Bill has 9 marbles, He gave some marbles to Jill and now he has 7 
marbles. How many marbles did He give to Jill? 

S2N! Jan has 1 book. She gave some books to Tony and now she has 8 hooks* 
How many books did she give to Tony? 

SI: Sally had 10 frogs In a boK, 9 frogs juniped out of the box. How \ 
many frogs does Sally have left in the box? 

SlNi Leroy had 4 pieces of candy. He gave 6 pieces to' Jenny* How many 
places of candy does he have left. 
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All 22 + » 43 

AZt _ + 41 * 62 

Si! " 6Z,- 41 = 

SSf' 49 - = 27 



AppgndiJt _3 
A Two-digit Symbolic Inventory* 

AIN: 58 + _ = 34 

A2N: + 38 * 17 

SIN; 47 - 69 * 

Sm: 32 - a 56 



*Note: Secotid- atid third-grade children also respontled to a one-di 
inventory and thus, responded to 16 items. 
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Appendix 4 
A Two-'dtglt Verbal Inveiitory* 



All Joe lias 57 stamps* He bought soTne more staTnps* Now Joe has 69 
stampB, How tnany stanips did Joe buy? 

AIN^ ftierc are 65 people ori the airplane, Sonie inore people got cri. Wow 
ttier« are 53 people ori the airplane* Ho^ many people got on? 

k2\ Some books are on a stielf* Bess put 63 more boolcs oil the sTielf , Nov^ 



tiierc are 87 books on tbe shelf. How many books were on the sheLf 
to s^art witht 

A2Ni Some ahlldren were Ice-skating, S3 more children joined thetn, M'oW' 
there are 31 chlldxeri ice-skating* How many cbildreTi t^era Ice'-sfcat- 
" Ltig . start with? * , • 

Sli^'\liiere are 29 cans of paint in the store* 13 cans were sold ,^ Ho\r 
/Wny cans of paint are left In the store? 

SIN: Waller has 36 permtes, He spent 58 pennies to buy som cand^* Soi^ 
iiiany pennies does t^ally have^left? 

82: There are 67 shells in. a box* Some shells were taken out, flow tliere 
ate 52 shells in the box Bow many shells were taken out of the^l)OK? 

S2Ni There are 42 people on the hus. Some people got off, Nov?, there are 
55 people on the bus. How fliany people got off the bus? 



*Agai=n^ chdLdren responded to a one-digit verbal Inveiitory, 
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